IntroductIon
Poisoning is a major public health problem world over. Acute deliberate self-poisoning is an important cause of admission to intensive care units (ICUs) in India. In a study published from Delhi 9.3% of total ICU admissions were due to acute poisoning. 1 According to the World Health Organization, the global crude suicide rate in 2016 was 10.6/100,000 population. 2 In India, it was 16.3/100,000 population. Suicide is the second leading cause of death among 15-29-year-old population globally. 3 Suicide accounted for 1.4% of all deaths worldwide, making it the 18th leading cause of death in 2016; 79% of all suicides occurred in low-and middle-income countries. 3 According to the National Crime Record Bureau, poisoning is the second most common mode of suicide in India. 4 Consumption of toxic plants is one of the modes of deliberate self-poisoning, especially in the rural population. In a study 5 published from the National Poisoning Information Centre, All India Institute of Medical Sciences, New Delhi, consumption of plant material constituted 1.7% of all poisonings. In another study 6 from Vellore, plant poisoning constituted 8% of total poisoning of which Cleistanthus collinus constituted 77%, and yellow oleander 23%. At the Sri Venkateswara Institute of Medical Sciences, Tirupati, plant poisoning constituted 5.3% of all cases of poisoning and C. collinus was the most common plant poison. 7 These observations suggest that C. collinus is the most common plant poisoning encountered in South India. In this article, we review the mechanism of toxicity, clinical manifestations, and management of C. collinus poisoning.
Cleistanthus collinus, belonging to the family Euphorbiaceae, is a small tree with elliptical leaves and silky villous inflorescence. It is commonly found in deciduous dry hilly forests of South India, Sri Lanka and Malaysia. 8 It is known by various names in different languages in India, Garari (Hindi), Vadisaaku (Telugu), Oduvanthalai (Tamil), and Odaku (Malayalam). 9 All parts of the plant are highly poisonous. The leaves are frequently used as a cattle poison and abortifacient in South India. 10 Cleistanthus collinus is the most common plant poison encountered in rural South India, especially in women; probably due to the easy availability and knowledge of the toxic nature of the plant. The leaves are consumed either by chewing or by making a decoction of the leaves. 11
toxIc PrIncIPles
Alcohol extracts of the leaves of C. collinus plant parts revealed arylnaphthalene lignan lactones diphyllin, cleistanthins A, B, cleistanone, 12 of which cleistanthins A, B are considered to be responsible for major toxic effects in humans. However, subsequent analysis of aqueous extracts of the leaves of C. collinus by gas chromatography and mass spectrometry (GC-MS) revealed 3-O-methyl-D-glucose (41.6%), benzenetriol (pyrogallic acid, pyrogallol) (25.1%), n-hexadecanoic acid (10.6%), heptacosane (4.4%), and 1,2-benzenedicarboxylic acid, disooctyl ester (3.5%). 13 The GC-MS analysis did not demonstrate the presence of arylnaphthalene lignan lactones, which were proposed as the toxic principles of C. collinus. As the common mode of life threatening C. collinus poisoning is by consuming the aqueous extract (decoction) of the leaves, absence arylnaphthalene lignan by GC-MS analysis raises doubts on the role of these compounds in the causation of toxicity of C. collinus poisoning. Further research is warranted to identify the toxic principles of C. collinus.
MechanIsM o f toxIcIty
A study 14 of the effects of cleistanthin A and B on tissue culture lines has shown that it arrests the cell cycle progression from G1 to S phase by inhibiting the incorporation of thymidine and uridine in DNA and RNA, respectively. At high doses, it causes breaks in the DNA strands and causes apoptosis. 14 Oral administration of aqueous extracts of C. collinus in albino Wistar rats and Himalayan Rabbits produced significant depletion of glutathione and adenosine triphosphatases (ATPases) in various tissues such as liver, kidney, and brain. Histopathologic examination revealed degenerative changes in hepatocytes, glomerulus and gliosis in brain. 8 These findings suggest that the major mechanism of C. collinus toxicity is due to the oxidative stress induced by inhibition of thiol/thiol dependent enzymes. Based on the study of effects aqueous extract of C. collinus on the rat renal brush border membrane (BBM) proton pump activity, vacuolar-type H + -ATPase (V-ATPase) enzyme activity and ATP, adenosine diphosphate (ADP), and adenosine monophosphate (AMP) levels, it was found that the aqueous extract of C. collinus causes uncoupling of oxidative phosphorylation and leads to increased ADP levels, which in turn inhibit the V-ATPase in the BBM of distal renal tubule. 15 This is likely to be the mechanism causing distal renal tubular acidosis in humans.
Administration of aqueous extracts of C. collinus leaves resulted in hypotension and death in rats. It also prolonged the hypotensive effect of acetylcholine. In guinea pigs, smooth muscle preparation it exerted the alpha receptor blocking property and inhibited the α-receptor action of phenylephrine. 16, 17 These observations suggest that aqueous extracts of C. collinus leaves have anti-α-adrenergic and anticholinergic properties and could be the likely underlying mechanism for shock and neuromuscular paralysis caused by C. collinus. Boiled aqueous extracts of C. collinus leaves at low doses cause transient tachycardia, increased contractility, and higher doses cause arrhythmia and cardiac arrest in rat and frog heart preparations and could be the reason for cardiotoxic effects of C. collinus. 18 Intraperitoneal injection of leaf extracts of C. collinus in rats caused neuromuscular blockade that was reversed with the administration of neostigmine and aminipyridin. 19 This could probably constitute the reason for myesthenic crisis like syndrome in C. collinus poisoning.
clInIcal PresentatIon
Various clinical manifestations of C. collinus poisoning in humans are listed in Table 1 . 6, 20, 21 Comparison of clinical profile of patients with C. collinus poisoning in some of the published studies from India, as shown in Table 2 .
Mortality ranged from 18% to 43%; the most common causes of death were refractory hypotension, respiratory failure and sudden ventricular arrhythmia (Table 2) . 6, [21] [22] [23] [24] Predictors of mortality were lower serum potassium, older age, presence of chronic disease, and consumption of decoction. In another study 21 delayed presentation, higher acute physiology and chronic health evaluation II (APACHE II) score, presence of acute kidney injury (AKI), shock, metabolic acidosis, hyponatremia, and need for mechanical ventilation emerged as risk factors for mortality.
ManageMent
In patients presenting with a history of plant poisoning, especially in South India, where C. collinus poisoning is more common, it can be identified by recognizing the classical clinical manifestations of vomiting, abdominal pain with life threatening manifestations such as acute respiratory failure, AKI, shock, myesthenic crisis like syndrome, altered mental status, and cardiac conduction abnormalities. Patients with these manifestations should be investigated for normal anion-gap metabolic acidosis, kaliuresis, and hypokalemia, which are classical manifestations of C. collinus poisoning.
As in the management of any other poisoning patient, initial attention should be given to the assessment of circulation, airway, and breathing (CAB). Patients with C. collinus poisoning should ideally be admitted to ICU and closely monitored for cardiorespiratory manifestations, as these patients may be normal or with minimal symptoms at the time of initial presentation; 
Gastric Decontamination
There are no studies to address the benefit of gastric lavage in C. collinus poisoning. In poisoned patients, evidence to support the beneficial effects of gastric lavage is weak. 25 However, as C. collinus poisoning is associated with high mortality patients with significant poisoning may be considered for gastric lavage if they present within 1 hour of consumption. Gastric lavage should not be administered to patients with altered sensorium without securing the airway.
Activated Charcoal
A single dose of 1 mg/kg body weight of activated charcoal may be considered in patients with C. collinus poisoning with an intact airway. Activated charcoal is contraindicated in patients with decreased sensorium, who are unable to protect their airway unless they are intubated. A study 26 showed the beneficial effect of multiple dose-activated charcoal (0.5 mg/kg every 6 hours for 48 hours) in the form of reduced complications such as hypokalemia, hypocalcemia, and death in patients with C. collinus poisoning. The results of this study should be viewed cautiously in view of the small sample size.
Specific Treatment
There is no specific antidote for C. collinus poisoning with a definitive mortality benefit. Patients with C. collinus poisoning should be monitored for electrolyte abnormalities. Hypokalemia, hyponatremia, and hypomagnesemia, when identified should be promptly treated, as these patients are at risk for the development of cardiac arrhythmias. Hypokalemia and hypomagnesemia make these patients more susceptible to the development of cardiac arrhythmias and make them refractory to standard treatment. Patients with AKI with oliguria and severe metabolic acidosis should be considered for renal replacement therapy. The role of prophylactic pacing with temporary cardiac pacing is uncertain. It may be considered in patients with severe bradycardia and electrocardiogram showing prolonged corrected QT (QTc) interval, as ventricular tachycardia, ventricular fibrillation, and sudden cardiac death can occur in these patients. However, the benefits of routine prophylactic temporary pacemaker insertion is not documented.
Other Treatment Modalities
In a patient with myesthenic crisis like syndrome, a case report 11 documented the benefit of neostigmine. A trial of neostigmine should be considered in patients with C. collinus poisoning with myesthenic crisis like presentation and continued until full recovery if the initial dose shows clinical improvement. Studies 8, 15 in animal models have demonstrated that oxidative stress leads to lipid and protein peroxidation and interferes with cellular function. Therefore, N-acetyl cysteine and other thiol containing compounds that have the ability to act as glutathione precursors and promote antioxidant properties of glutathione may reduce oxidative stress that has been produced by C. collinus poisoning. However, the benefits of these compounds has not been established.
conclusIon Cleistanthus collinus is a common cause of plant poisoning encountered in rural south India. It is associated with high mortality and there is no definitive antidote. Consumption of the aqueous extract of the plant is associated with high mortality. Further research is required to identify putative toxic molecules in C. collinus, and also to identify definitive antidote. In the absence of definitive antidote, at present management of C. collinus poisoning remains symptomatic and supportive.
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